Abstract One strategy for improving the dissolution of poorly water soluble drugs is to prepare solid dispersions such as binary mixtures with hydrophilic carriers. These mixtures are generally characterized by better solubility than those of the individual components from which they are formed. In the present study, solid dispersions of ketoconazole (KET) with Pluronic F127 (PLU) were prepared by the grinding method. Solid-liquid equilibria in the system being studied were investigated by differential scanning calorimetry. A phase diagram for the whole range of compositions was constructed. The investigation revealed that ketoconazole and Pluronic F127 form a simple eutectic system containing 4.4 % w/w of ketoconazole at the eutectic point. The results of Fourier transform infrared spectroscopy and X-ray powder diffractometry studies of obtained mixtures suggest that there is no drugcarrier interaction and both components are crystalline in the solid dispersion with the whole range of composition. The prepared mixtures show an appreciable improvement of the dissolution rate of KET in 0.5 % w/v sodium lauryl sulfate. The improvement of the dissolution rate of drug is additionally increased by effective solubilization.
Introduction
Ketoconazole (KET) is an antifungal agent used for the treatment of local and systemic fungal infections in the form of oral tablets and suspensions, topical creams, gels, aerosols, and shampoos [1, 2] . The antimycotic effect (fungicidal or fungistatic) of ketoconazole is realized by direct fungal cell membrane damage and the inhibition of 14-alpha-demethylase, causing loss of membrane integrity and fluidity, which is the result of insufficient ergosterol biosynthesis [3] . Due to its poor water solubility (0.017 mg mL -1 ) [4] and high permeability, ketoconazole is classified in the II class of the Biopharmaceutics Classification System [5, 6] . Ketoconazole's low water solubility significantly reduces both its bioavailability [7] and therapeutic effectiveness [8] . This may cause a reduction in antifungal efficacy, side effects, pharmacokinetic variability, and may develop drug resistance [9] .
There are many methods reported for the improvement of solubility and dissolution rate of poorly water soluble drugs, including reducing the particle size, use of surfactant, inclusion of complexation, and obtaining solid dispersion [10] . The preparation of solid dispersions is one of the most effective and convenient techniques used for solubility enhancement of poorly soluble drugs [11] [12] [13] . Several approaches have been employed to improve the solubility of ketoconazole [8] , such as preparation of solid dispersions with polyvinlypyrrolidone 17 (PVP 17) and PVP-vinyl acetate (PVP-VA64) copolymer prepared by melt extrusion [14] , solid dispersions with nicotinamide [15] , and inclusion complexation of ketoconazole in bcyclodextrin obtained by solvent evaporation method [5] . Solid dispersions of ketoconazole are also prepared by melt fusion and solvent evaporation method with Pluronic F127 and PVP K-30 [16] ; fusion, solvent evaporation, melt solvent, and kneading method with mannitol; and PEG 4000, PEG 6000, polyvinyl pyrrolidone K-30, and bcyclodextrin as carrier [17, 18] .
Pluronic F127 (PLU) belongs to the group of block copolymers that have been named pluronics or poloxamers and are exploited in pharmaceutical formulation as emulsifiers, solubilizers, and wetting agents for poor water soluble drugs [19, 20] . A hydrophobic drug may be solubilized with a core of micelle or conjugated to the micelleforming polymer which leads to an increase of dissolution their substance [21] .
The aim of our investigation was to conduct thermal studies of a series of mixtures of PLU-KET to determine whether the components formed the eutectic system and whether it affects the KET dissolution. The thermal studies were carried out by differential scanning calorimetry (DSC) which is the most commonly and effectively used method for phase diagram evaluations [22] . An intrinsic dissolution (ID) study was carried out to evaluate the drug release rate from the examined dispersions. Fourier transform infrared spectroscopy (FTIR) and X-ray powder diffractometry (XRPD) of pure ketoconazole and its mixture with Pluronic F127 were used to examine whether there are chemical interactions between components in its solid state and the possibility of forming terminal solid solutions.
Experimental

Materials
Ketoconazole was donated by Hasco-Lek (Poland) as a gift sample. Pluronic F127 was supplied from Sigma-Aldrich (USA). Sodium lauryl sulfate (SLS) was purchased from P.P.H. ''Stanlab'' (Poland).
Preparation of mixtures
Finely powdered mixtures were prepared from accurately weighed quantities of each component using a Mettler Toledo AT 261 microbalance (±0.01 mg). The total mass of each mixture was 5.0 g. Next, they were very thoroughly ground together for at least 10 min using an agate mortar and pestle. DSC studies confirmed that both components were stable after grounding. Ten binary mixtures of Pluronic 
Drug content
Solid dispersions equivalent to 20 mg of ketoconazole were dissolved in 50 mL of methanol. The received solutions were determined at 245 nm by a UV-Vis spectrophotometer (Jasco V-650, Japan). The ketoconazole content of the formulations was found to be in the range of 98.9-101.8 % of the declared amount.
Differential scanning calorimetry (DSC)
The DSC curves of each mixture were obtained using a differential scanning calorimeter (Mettler Toledo DSC 25), equipped with a heat flow sensor, and joined via the TA Controller TC 15 interface to a computer. Measurements were driven by STAR e software. Samples for DSC measurements were weighed using a Mettler Toledo AT 261 microbalance (±0.01 mg) and sealed in 40 lL standard aluminum crucibles with a single hole punched in the lid. The total mass of a sample was between 4 and 10 mg. An empty pan of the same type was employed as a reference. The DSC instrument was calibrated using the melting point of indium (156.6 ± 0.3) as a standard. DSC scans of each mixture were performed at a heating rate of 5°C min -1 in the temperature range of 25-200°C. The DSC cell was purged with a stream of dry argon at a rate of 50 mL min -1 . Experiments were performed in triplicate and the mean values were calculated.
Spectroscopic studies
X-ray powder diffractometry (XRPD)
Powder diffraction patterns were performed over the range 2h of 2°-50°, at counting time 1.5-3°min -1 , using a Bruker D8 ADVANCE powder diffractometer, with CuK a and a Vantec position sensitive detector.
Fourier transform infrared spectroscopy (FTIR)
FTIR spectra were obtained using a Shimadzu IRAffinity-1 spectrophotometer. Samples were mixed with potassium bromide and compressed into a disk using a Specac (USA) hydraulic press before scanning from 4000 to 400 cm dissolution test was conducted under sink conditions in 1000 mL of 0.5 % SLS at 37 ± 0.5°C and a rotational speed of 50 rpm. The dissolution system was fitted with SR8-PLUS (Hanson) and 7-channel peristaltic pumps. KET (100.0 mg) or an equivalent amount of solid dispersion disks were prepared by compressing powder in a hydraulic press for 1 min under a 2 ton compression force, using a 13 mm punch. Samples were withdrawn at appropriate time intervals. The quantitative determination for KET was performed using a HPLC system with an FLD (Agilent 1100). Analysis was carried out with the use of Zorbax Eclipse XDB-C8 (Agilent). Analysis was performed by isocratic elution with a mixture of solvents on the composition of 50 mM ammonium acetate buffer (with 0.1 % formic acid and methanol) with a steady flow rate of 1 mL min -1 . Substances eluted from the column were identified by a fluorimetric detector at 220 nm (excitation) and 380 nm. An external standard of KET was used to obtain a calibration curve. The evaluation method was linear in the range of 5-80 lg mL -1 (linearity r 2 = 0.998). Dissolution experiments were performed in triplicate and the mean values were calculated.
Results and discussion
Thermal studies DSC curves of pure ketoconazole and Pluronic F127 obtained at a heating rate of 5°C min -1 in the temperature range from 25 to 200°C show only one sharp endothermal effect (D fus H = 45.9 and 86.3 kJ mol -1 , respectively), corresponding to melting points at 150.6 and 57.4°C, respectively. It confirms that under these conditions, the substances are stable and do not decompose. Figure 1 shows the phase diagram of the investigated system constructed on the basis of the DSC results. Examples of DSC curves are given in Fig. 2 . The DSC curves of the various mixtures clearly indicate that the investigated compounds formed a simple binary eutectic system-only two kinds of thermal effects are shown for the whole range of compositions. The onset of the first peak consistently appeared near 52.0°C (Fig. 2) , indicating a eutectic reaction:
The second peak (the temperature of liquid) was generally wider, indicating that the complete melting took place over a temperature range. Terminal solid solutions were not observed at either sides of the phase diagram. The melting points of the pure components (KET: 150.6°C, PLU: 57.4°C) were depressed due to the existence of the other component in the mixture as shown in the phase . The drug's crystalline peaks were still detectable in the mixture with PLU. The X-ray diffractogram of PLU also shows two characteristic peaks with the highest intensity at diffraction angles 2h at 19.12°and 23.27°. The XRPD pattern for the sample containing 90.0 % w/w KET shows the presence of a slight amount of the second phase (PLU) which can be deduced from the appearance of a very weak signal at 2h 23.27°(distinctive PLU peak) and evidenced by a higher peak at 2h 19.31°. The latter effect is caused by the superposition of the line of PLU at 2h 19.12°, one of the most intensive in the PLU spectrum. On the other hand, the XRPD pattern of the sample containing 90.0 % w/w PLU shows the presence of a slight amount of crystalline KET, which can be identified by the presence of weak KET peaks at 2h 7.30°, 10.61°, 16.04°, 17.52°, 19.99°, and 21.21°. These data confirmed that at room temperature the two components which formed the investigated mixtures do not create solid solutions. Moreover, no other peaks than those which could be assigned to KET and PLU were detected on diffractograms registered for mixtures, indicating no chemical interactions in the solid state between the two entities.
FTIR
The FTIR spectra of the drug, carrier, and mixtures are shown in Fig. 6 . The pure ketoconazole shows intense absorption bands at 1647 cm -1 (C=O stretch), 1510 cm -1
(C=C aromatic stretch), 1223, 1200 cm -1 (3°amine), and 814 cm -1 (C-Cl stretch). The FTIR spectrum of Pluronic F127 is characterized by principal absorption peaks at 2889 cm -1 (C-H stretching vibrations), 1342 cm -1 (O-H bend), and 1111 cm -1 (C-O-C stretching vibrations). All characteristic absorption bands of drug and polymer were also observed on the obtained mixtures' spectra, which show only a reduction in the sharpness of peaks as compared to the spectra of pure components. The absence of a major shift in the observed peak positions suggests the absence of interactions in the solid state between PLU and KET.
Intrinsic dissolution studies
The dissolution curves of KET and obtained mixtures in 0.5 % SLS at 37 ± 0.5°C are shown in Fig. 7 . The intrinsic dissolution rate (IDR) of pure KET, its mixtures with PLU, and the linear relationship between the amount of the dissolved drug and time are provided in Table 1 . The release rate of KET from the obtained mixtures varied with the changing ratios of drug and PLU, respectively. The rate of dissolution of pure ketoconazole was very low, less than 4 % of the drug being dissolved within 2-h dissolution studies. The dissolution rate of the mixtures was higher compared to pure ketoconazole. For the mixture received in ratio PLU/KET 30.0/70.0, the maximum release rate of ketoconazole was the highest and IDR increases approximately 27 times in comparison with the pure drug. The mechanism of increased dissolution rates of the drug from mixtures could be related to their surface activity, wettability which may have led to reduced agglomeration, and hence increases the surface area and the solubilization effect of the carrier [23] .
Conclusions
To our knowledge, the phase diagram for the system PLU-KET has not yet been reported. Thermal properties of some PLU-KET mixtures were already investigated by Kumar et al. [16] , but the authors presented only one curve of its mixture, and the lowering of the components' melting points was not assigned to the eutectic formation.
Our DSC studies demonstrate that components of examined mixtures form a simple eutectic phase diagram. The lack of changes in FTIR and XRPD spectra indicates no chemical interaction between drug and carrier, and confirms the stability of the drug in its solid dispersions.
The dissolution results showed that the ketoconazole release was enhanced by binary mixtures adjoining to the eutectic composition which contained a higher proportion of ketoconazole than the eutectic. The impact of PLU-KET eutectic on the KET dissolution is additionally improved by effective micellization of the KET and its intimate microcrystalline eutectic mixture. The mixture containing 10 % w/w of KET is characterized by a 10-fold dissolution increase compared to the pure KET. The increase of ketoconazole release could be observed up to the mixture Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
